Abstract To better characterize the relation of acculturation, based on language use, to smoking status among Mexican-Americans, a large study sample from an ongoing cohort of Mexican-American households in Texas was stratified into current smokers and non-smokers. Four language-use groups were created based on Low/High use of Spanish and English, representing different degrees of acculturation. Participants who reported high English but low Spanish use had the highest smoking prevalence (20.1 %), followed by High English/High Spanish (13.6 %), Low English/High Spanish (8.7 %), and Low English/Low Spanish (6.4 %). Current smokers were more likely to be male, have lower than high school education, currently consume alcohol or had consumed alcohol but quit, and report low Spanish/high English use. Consistent with recent models of acculturation, individuals can differ both in their maintenance of the native language and adoption of a new language and both dimensions are important in predicting tobacco use.
Introduction
Hispanics have now surpassed Blacks to become the largest ethnic group in the United States (US) [1] . In the US Hispanic population, those of Mexican origin experienced the greatest population growth over the last decade, accounting for nearly three-quarters of the 15.2 million person increase [1] . Given the size and continued growth of this group, an understanding of the factors that influence health behaviors among Mexican-Americans (MA) is integral to developing effective health interventions in the US.
Along with the shift in US demographics has come an increasing interest in the experiences unique to immigrants and how these experiences may shape health and well-being. One factor that has been found to relate to numerous health behaviors is acculturation. Acculturation has been defined as ''a process of cultural and psychological change that results following meeting between cultures'' [2] . Current acculturation theory suggests that this process is dynamic and that adoption of a new culture does not necessarily occur at the expense of the culture of origin; people can acculturate while still retaining a strong cultural identity of their home culture [3] [4] [5] . More recent research has attempted to capture this more complex view of acculturation. For example, the assessment of language use, which has been used as a proxy measure for acculturation in several studies [6] [7] [8] [9] has moved away from unidimensional scales [10, 11] to mor dinamic scales which assess both maintenance of the culture of origin and adoption of the host culture [12] [13] [14] .
Smoking rates are lower among Hispanic adults (12.9 %) than non-Hispanic White adults (19 %) in the US [15] . However, smoking rates increase as Hispanics become more integrated into the American culture [7, [16] [17] [18] [19] . For example, in a study examining data from Mexican-Americans in Texas, New Mexico, Arizona, Colorado, and California, those who were more proficient in English and had greater contact with Anglo-Americans were found to be more likely to smoke [20] . Although these studies provide initial support that greater acculturation may be a risk factor for smoking among Mexican-Americans, examining only contact with or adoption of the host culture fails to capture the full acculturation experience. More recent models of acculturation suggest that maintenance of the culture of origin is a unique and distinct factor in the acculturation process, and should be considered, along with adoption of the host culture, when examining acculturation. Drawing from these recent models of acculturation, we expand on previous work by using a bi-dimensional measurement of acculturation, which assesses both maintenance of the culture of origin and adoption of the host culture, in this study of acculturation and smoking.
Roughly 19 % of the Hispanic population in the US resides in Texas [21] and 84 % of the Hispanic population in Texas is of Mexican ancestry [22] . Moreover, Hispanics comprise 44 % of Houston's population [1] making this an ideal setting for examining health behaviors in this population. Given that Mexican-Americans represent almost two-thirds of the US Hispanic population [1] and are one of the fastest growing minority groups in the US, increasing smoking rates in this group are likely to have a significant impact on public health not only in Texas, but the rest of the country. The objective of this study is to more fully identify the relationship between acculturation and smoking behaviors among Mexican-Americans using a bi-dimensional assessment approach.
Methods Study Population
This study is a secondary analysis of data collected from the Mexican-American Cohort (MAC) in Houston, Texas [23] . The MAC is an ongoing population-based cohort approved by the MD Anderson IRB of households initiated in 2001. The population includes 11,674 adult Mexican or Mexican-American descendants that reside in Harris or surrounding counties for at least 1 year. More details about this cohort can be found in previous publications [24] .
Primary Dependent Variable: Current Cigarette Smoking
The sample of Mexican and Mexican-American descendants was stratified into cigarette smokers (CS) and noncigarette smokers (NCS). All participants who responded ''Yes, currently smoke'' to the question ''Have you smoked at least 100 cigarettes (5 packs) in your lifetime?'' and ''Do you currently smoke every day or some days?'' were classified as CS, while NCS were those participants who responded either ''Yes, but quit smoking'' or ''No, never smoked''.
Acculturation Measurements
Three proxies for acculturation ( [25] . The Cronbach's Alpha for this subscale was 0.71 (73 respondents were excluded because of missing data on at least 1 item), with higher scores indicating more comfort with the use of the Spanish language.
The Bilingual Categories
Cross tabulations of the English and Spanish subscales were conducted and analyzed to create a bilingual classification. The rationale supporting this exploratory analysis is the fact that acculturation (in this case, its proxy, language use preference) is a process in which individuals from a minority group react on four different dimensions when they are immersed in a cultural and social environment where a different language is spoken. This rationale parallels Berry's Four-fold model of acculturation which accounts for different levels of acculturation [14] . For this purpose, participants who responded ''very poorly'' or ''poorly'' as well as ''almost never'' or ''sometimes'' to the English and Spanish subscales were re-classified as ''Low''. Conversely, participants who responded ''well'' or ''very well'' and ''often'' or ''almost always'' were re-classified as ''High''. This procedure allowed us to create four bilingual groups, according to their level of comfort with either the English or Spanish language: 
Statistical Analyses
Cigarette use prevalence was defined as the proportion of Mexican or Mexican-American descendants who reported currently smoking cigarettes. In order to identify statistical differences between CS and NCS, categorical variables were compared using the v 2 test or Fisher's exact test, when appropriate. Continuous data were compared using 2-sided t tests.
Pearson correlation coefficients (R) were calculated between age, years in the US, and the English and Spanish subscales we used for computing the bilingual categories. Since high correlation coefficients do not necessarily imply multicollinearity, we also assessed the Tolerance and Variance Inflation Factor (VIF). Variables with a Tolerance value \0.2 were not included in the regression equation and were investigated further. Values of VIF exceeding 5.0 were regarded as an indication of multicollinearity.
A conditional logistic regression analysis was performed with backward stepwise procedures based on the maximum partial likelihood estimates to construct a final best fit logistic regression model to identify the risk factors (age, gender, education, marital status, religion, alcohol consumption, years in the US, and bilingual categories) associated with cigarette smoking. In the backward stepwise method, the significance level was set at p \ 0.05 for entering an explanatory variable into the models. We estimated odds ratios (ORs) and 95 % confidence intervals (CIs). Finally, we assessed model calibration using the Hosmer-Lemeshow goodness-of-fit test. All statistical tests were considered to be significant at an alpha level of 0.05 on a two-tailed test. Statistical Package for Social Sciences Software (SPSS 18 for Windows; SPSS Inc., IL, USA) was used to conduct all statistical analyses.
Theory
Current theory of acculturation suggests that the process of acculturation is dynamic and that adoption of a new culture does not necessarily occur at the expense of the culture of origin; people can acculturate while still retaining a strong cultural identity of their home culture [3] [4] [5] . Drawing from research models of acculturation, we expand on previous work by using a bi-dimensional measurement of acculturation which assesses both maintenance of the culture of origin and adoption of the host culture.
Results

Demographics and Behavioral Characteristics
The study sample consisted primarily of women (80.3 %) with a mean age of 39 ± 13.1(SD) years. Respondents born in Mexico represented more than three quarters of the sample (76.3 %). More than half of the study population (58.1 %) had less than a high school degree, while 77.9 % were unmarried or single, 70.1 % never consumed alcohol, and 73.7 % self-identified as Catholic.
Cigarette Smoking Among Mexican and MexicanAmerican Descendants
The overall prevalence of cigarette smoking was 11.4 %. While females represented 80.3 % of the total sample, males were more highly represented than females when comparing smokers to nonsmokers. Most of cigarette smokers (84.2 %) had their first cigarette more than 30 min after waking up and smoke an average of 9 cigarettes per day (±21).
Acculturation and its Association with Cigarette Smoking Among Mexican and Mexican-American Descendants
The overall mean score on the English subscale was significantly higher among cigarette smokers (2.6 ± 0.99) compared to non-cigarette smokers (2.24 ± 0.96), indicating higher comfort levels in the use of English language among smokers. In contrast, the mean score on the Spanish subscale was significantly lower among cigarette smokers (3.01 ± 0.79) compared to non-cigarette smokers (3.20 ± 0.66), implying lower comfort levels in the use of Spanish among smokers (Table 1) .
In addition, a statistically significant difference in smoking prevalence was observed among the 4 bilingual groups, with those participants who reported high scores for the use of English language but low scores for the use of Spanish language, having the highest smoking prevalence (20.1 %) ( Table 2 ).
Acculturation as Predictor for Cigarette Smoking Among Mexican and Mexican-American Descendants
The Pearson coefficient indicated moderate correlations between age and years in the US, years in the US and the English subscale, years in the US and the Spanish subscale, and between the English and the Spanish subscale, with Rs of 0.4, 0.5, -0.4 and 0.5 respectively. However, the tolerance value and VIF did not indicate multicollinearity in the final model. Therefore age, years in the US and the bilingual categories were included in in the multivariable logistic regression analysis.
From the initial full logistic regression model for current cigarette smoking, a reduced model was developed retaining only the following variables: gender, education, marital status, religion, alcohol consumption, and the acculturation proxy, bilingual categories. Of note, age and years in the US were not retained by the model. In this analysis, the Hosmer-Lemeshow goodness-of-fit test was significant, suggesting it does not fit the data. However, as we have a sample size of over 11,000, even very small divergences of the model from the data would be flagged and be significant. Therefore, with large samples it is difficult to find models that are parsimonious and fit the data. In order to circumvent the limitation of using the Hosmer-Lemeshow goodness-of-fit test with large datasets, we selected a random subsample (10 % of our original sample) and assessed model fit [26] . For this additional multivariate analysis, the p value for the Hosmer and Lemeshow goodness-of-fit test was greater than 0.05, which indicates a subjective assessment that the model fit the data at an acceptable level.
In our study, Mexican or Mexican-Americans who smoke were more likely than those who are non-smokers to be male (adjOR 3.74, 95 % CI = 1.975-2.636), have 
Discussion
The purpose of the present study was to examine the relation of acculturation to smoking status among Mexican-Americans. This study was conducted among a large sample of Mexican-Americans in Houston, Texas, which has one of the largest concentrations of Mexican-Americans in the US. Half of the sample reported living in the US longer than 15 years and the majority of respondents displayed low levels of acculturation (high levels of Spanish Several demographic differences were observed between smokers and non-smokers. Overall, men were more likely to be smokers than women, which are consistent with research that shows Hispanic men reporting smoking at higher rates than Hispanic women [24, 27, 28] . The majority of women in the study reported being nonsmokers (91.88 %), while a smaller percentage of men identified as non-smokers (75.17 %).
Participants who had lived in the US for more than 15 years had higher smoking rates than those who had lived in the US \15 years. The majority of non-smokers reported their parent's place of birth as Mexico (78 %), while lower percentages of smokers reported having parents born in Mexico (61 %). Taken together, this supports previous research showing that as Hispanics acculturate in US, behaviors associated with tobacco use begin to mirror that of non-Hispanic Whites [16] .
We also examined the relation of language use, a proxy measure of acculturation used in other studies, to smoking status. We divided participants into four groups based on use of English and Spanish: High English/High Spanish, High English/Low Spanish, Low English High Spanish, and Low English/Low Spanish. The most highly acculturated individuals (high English use and low Spanish use) had the highest smoking rates, followed by those with high use of both languages. Those with lower levels of acculturation (low use of English and high use of Spanish) were less likely to smoke than the High English/Low Spanish and High English/High Spanish groups. Relationships remained even after controlling for several socio-demographic factors, including age, gender, education, and marital status, among others.
Categorizing language use in this way allowed us to better examine different dimensions of acculturation and how these relate to smoking. High use of Spanish language, indicative of low acculturation, appeared to be a protective factor against smoking. Interestingly, using High levels of Spanish along with high levels of English seemed to confer an advantage, when compared to those who used high levels of English, but low levels of Spanish. This suggests that even as one becomes more acculturated to the US culture, maintaining aspects of one's home culture could possibly provide protective factors against certain risky health behaviors associated with greater acculturation in the US, such as smoking.
Strengths of the present study include the large sample size (n = 11,684) of Mexican-Americans adults. Also, respondents included people from varying socio-demographic backgrounds. For example, respondents with less than high school education were well represented in the sample. As an additional strength, several demographic and lifestyle variables were collected in this study, allowing researchers to control for potential confounding variables. Lastly, data collected on language use allowed us to examine different levels of use for both English and Spanish.
The present study has some limitations. Over 80 % of the respondents in this study were female. Given the observed gender differences in smoking among Mexican-Americans, the results of the study should be interpreted cautiously for men. Secondly, this study utilized an abbreviated self-report measure of tobacco use, which may result in less accurate classification of tobacco use. Existing batteries for assessing tobacco use are highly rigorous and typically assess multiple domains of tobacco use [15] . Several studies have demonstrated the drawbacks of abbreviated self-reported tobacco assessments, such as the one used in this study, in Hispanic populations. For example, these measures can produce misclassification of tobacco use among Hispanic men, given that some Hispanic men believe that infrequent tobacco use does not qualify one as a current user [29] . Additionally, the perception of smoking as less acceptable for women may present a barrier to accurate self-report among Hispanic women [29] .
Conclusion
Overall, this study provides further support for the link between greater acculturation, based on language use, and higher smoking prevalence among Mexican-American adults. An understanding of how acculturation contributes to cigarette smoking among this fast growing population is important in the development of effective and innovative tobacco cessation interventions. Results suggest that examining Spanish or English language use in isolation does not adequately capture acculturation. Rather, accounting for each individual's use of both languages, as conceptualized in models such as Berry's Four-fold model [23] , appears to provide unique information about acculturation. Individuals can differ both in their maintenance of the home culture and adoption of a new culture and both dimensions are important in predicting tobacco use. Future research is needed to better explore the mechanisms that underlie this relationship. Moreover, future research should have as a goal designing interventions to reduce smoking behaviors in MexicanAmerican adults that are appropriately tailored to different language use preferences and levels of acculturation.
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